Two experiments were conducted to investigate the dietary effect of chlorella vulgaris on egg production and lutein incorporation into chicken eggs. In Exp. 1, a total of three hundred, 70 wk-old Hy-Line brown layers were divided into six groups with five replicates and fed each experimental diet (corn-SBM based control diet and diets with 0.1, 0.3 or 0.5% chlorella powder and with 0.8 or 2.4% chlorella cultured media) for 6 wk, respectively. The egg production in the groups fed diets containing the chlorella powder and chlorella cultured media were higher than that of the control group (p<0.001). As dietary chlorella levels increased, the yolk color linearly increased. However, there were no significant differences in eggshell qualities. The layers fed diet with 2.4% chlorella cultured media showed the highest Haugh unit value. In Exp. 2, a total of one hundred-eight 80 wk-old Hy-Line brown layers were assigned into four groups with three replicates per group (9 birds per replicate). The birds were fed one of four experimental diets (0, 0.5, 1.0 or 2.0% chlorella powder) for 4 wk, followed by a 14 d feeding of a withdrawal diet devoid of chlorella powder. At 2 wk, the lutein greatly increased with increasing levels of chlorella powder in birds fed diets containing more than 1%. The maximum incorporation of lutein into eggs was reached after 2 or 3 wk of feeding diets with chlorella powder. After a 7 d withdrawal, the lutein contents of egg yolks in the groups fed diets with more than 1% chlorella powder were still higher than that of control group (p<0.05). No significant differences in the lutein levels were found among groups after a 14 d withdrawal period. These results indicated that the use of chlorella in layer diets was effective in improving egg production and egg quality and for the production of lutein fortified eggs.
Introduction
Chicken eggs are naturally a functional food providing various nutrients, from high quality protein to considerable levels of vitamins and other healthful compounds (Yamamoto et al., 1997) , of which some have health beneficial functions that are currently being studied, such as caroteinoids, lutein and zeaxanthin in egg yolk (Steinberg et al., 2000) . Daily intake of several carotenoids by humans has been known to be health benefit. For example, lutein, an oxygenated carotenoid found in egg yolk, has been shown to reduce aged-macular degeneration and cataracts (Olmedilla et al., 2003) . In addition, lutein has a strong antioxidant capacity (Sindhu et al., 2010) and might be useful in preventing the incident of cancer (Park et al., 1998) . A recent research has indicated that the lutein content of egg yolk can be further increased by adding laying hen feed with lutein (Leeson and Caston, 2004) .
Naturally occurring lutein is found mainly in higher plants and algae. Especially chlorella which is a genus of single-cell green algae, is high in protein, polyunsaturated fatty acids, micro nutrients and provides all of dietary essential amino acids in excellent ratios. Compare with higher plants, chlorella has an advantage because it can be cultivated in bioreactors on a large scale and thus are continuous and reliable source of product. It has been known that dietary intake of chlorella is effective in lowering blood lipid (Shibata et al., 2001) and enhancing immune response (An et al., 2008) . Kotrbacek et al. (1994) also reported that feeding diet with chlorella bio- The aims of present study were to evaluate the dietary effects of chlorella power and cultured media on egg production and egg qualities and the changes of the lutein contents in chicken eggs.
Materials and Methods

Animals, diets and management
The chlorella powder and chlorella cultured media (liquid chlorella) were provided by Daesang corp. The culture media (12.5% chlorella) was commercially produced by tank fermentation. In Exp. 1, a total of three hundred, 70 wk-old Hy-Line brown layers were divided into six groups and fed one of the six diets with 0 (as control), 0.1, 0.3 or 0.5% chlorella powder and with 0.8 or 2.4% chlorella cultured media for 6 wk, respectively. The layers were randomly placed in five replicates with 10 birds each per treatment in wire cages. The experimental diets were formulated to meet or exceed the nutrient requirements of NRC (NRC, 1994) as shown in Table 1 . The experimental diets and water were provided for ad libitum intake. A room temperature of 18±3 o C and a photoperiod of 16/8 h light/dark cycle were maintained throughout the experimental period.
The experimental diets were freshly added everyday and the feed intake of each group was recorded weekly. At the end of the experiment period, 10 birds from each group were selected and weighed individually. The blood was drawn from the jugular vein using a syringe for determination of blood profiles. The serum was separated from each blood sample via centrifugation and stored at -30 o C until it was used. In Exp. 2, a total of one hundred-eight 80 wk-old HyLine brown layers were randomly allocated with four treatments with three replicates of 9 birds each per treatment in wire cages. The layers fed one of four experimental diets containing 0, 0.5, 1 or 2% chlorella powder for 4 wk, followed by 14 d feeding of a withdrawal diet without chlorella powder. Chlorella powder was substituted at the expense of experimental diets at 0.5, 1.0 or 2.0% levels on weight basis, respectively. The experimental diets and water were provided ad libitum. All animal care procedures were approved by Institutional Animal Care and Use Committee in Konkuk University.
Egg production and eggshell qualities Egg production was recorded daily by replicate (number of eggs/number of live birds ×100) and the mean egg weight was determined by the daily average weight of egg, excluding abnormal eggs (soft-shell plus broken eggs). Eggshell strength, eggshell thickness, and eggshell color were measured on 30 eggs collected randomly from 6 replicates of each treatment biweekly. The eggs were weighed individually and then were exposed to a breaking force by using an eggshell strength tester (FHK, Fugihira, Ltd, Japan). Eggshell strength was measured as the maximum force (N) required to fracture each egg. On breaking, the egg contents were poured into a glass plate to measure the albumen height. Haugh unit values, along 
